Broad leaved forests continuously have some asynchronous and localized disturbance events.Tree fall gaps are the dominant form of such disturbances in these forests. Moist temperate forests dominated by Quercus leucotricophora in Garhwal were investigated for study. Ten random transect belts were established in a mixed broadleaved forest patch.
temporal changes in resource heterogeneity may affect forest dynamics thereby linking natural disturbances to the maintenance of plant species diversity.
In temperate forests wind throw often creates canopy gaps which can dramatically change the microclimate and soil water balance . Change in microclimate strongly influences the process of regeneration and biodiversity within forest ecosystems. Change in microclimatic variables and light in the gap area, alters germination and growing conditions in canopy gaps. The prospective composition of forests depends on potential regenerative status of tree species within a forest stand (Henle et al. 2004) , therefore, an understanding of the processes that affect regeneration of forest species is of significant importance to both ecologists and forest managers.
Regeneration pattern may be similar or dissimilar to pre-disturbance levels in gaps . Understanding microclimatic conditions in canopy gaps and it's impact on species recruitment is a prerequisite in developing and improving techniques for forest management and conservation practices. However, information is very scarce on how precisely gap opening affects the microclimates within canopy gaps and beneath surrounding tree canopies and how the spatial distribution of gaps influences microclimates across entire forest stands.
Predicting tree seedling recruitment after disturbance through an understanding of forest dynamics and succession is vital and fundamental in managing forests (Coates 2002 ). This task has immense importance for Garhwal, where forests are one of the most vital resources of the state, where forest research has generated comparatively little evidence on gap dynamics. Most regeneration research in forest of Garhwal has focused on natural course of regeneration and tree species recruitment in dry and moist temperate forests, while canopy gap phase regeneration has received less attention and therefore are poorly documented. The study aims to understand gap phase regeneration in moist temperate forest with mixed broad leaved tree species. The specific objectives were to (a); to determine whether specific difference exists between the species regenerating in canopy gaps and adjacent understory-are the mixed broad leaved moist temperate forests compositionally stable or in successional sequences? and (b) to determine the influence of some important microclimatic parameters on regeneration of gap filler tree species.
Material and Methods

Study area
The study was conducted in moist temperate mixed broad-leaved forests of Upper Kedarnath Valley (30 0 25 '-30 0 45' N latitude, 78 0 55'-79 0 22'E) in Garhwal part of Uttarakhand. The identified study sites fall in one of the areas of lesser Himalayan geographic province. Study area considered during was located at an altitudinal gradient of 1700 to 2800 m amsl. These forests are one of the very rich moist temperate forest patches of Garhwal and were chosen since they are the most representative temperate forests in Uttarakhand. Mild levels of anthropogenic disturbances (e.g. fuel wood, fodder and litter collection) occur in a uniform pattern across some portions of the forested region ), but no major disturbances have been recorded. Quercus leucotricophora is the dominant tree species of the patch and Rhododendron arboretum, Lyonia ovalifolia, Pyrus pashia etc. as major associate tree species. The floristic richness of the area can be attributed to its location at the junction of Sino-Indian biogeographic regions (Figure 1) . The entire area has rugged topography with numerous steep hills and narrow valleys and constitutes the catchment of Alaknanda the major tributary of river Ganga. The metamorphic rock consists of gneisses, granites and schists while, soil comprises of clay loam texture and is fairly acidic (pH-6) ). The geneisses, schists and granites has given rise to a light, micaceous soil that is rich, deep and excellent for tree growth on favourable aspects.
Sampling
Natural course of tree species recruitment and gap phase performance of tree species was studied in a vast patch of mixed broadleaved forest in Garhwal Himalaya. The study site comprised mixed broad leaved forest patch of multilayered canopy. Patch of forest considered for gap study was selected on the basis of it's canopy cover, accessibility (as most of the undisturbed forests in Garhwal can only be found far from road head and human habitations), no human interference for biomass extraction from the forest stand etc. Gap surface was measured in 3 percentage with Abney's level. Two measures of slope were taken from opposite sides of the gap maker that were later averaged. We systematically sampled canopy gaps located entirely or partially in ten vegetation transects in mixed oak considered as and where they occurred. A gap was considered as an opening in the forest canopy extending through all foliage levels to an average height of 2 m above ground . Once the gap limits were established the next step was to calculate gap area. The Gap area was calculated by "triangles" method . During fieldwork, distances were measured between the consecutive corners (the sides of the projected polygon) and between non-consecutive corners (the diagonals of the polygon). Thus, each triangle area was calculated by fitting its sides to the characteristics within the gap slowly reverts to those of a closed forest. The gap age was calculated from degree of decomposition of the gap maker, as we do not had very old gaps for our study we followed Liu and Hytteborn, 1991 method. Each gap was classified into new (<3 years old) and old gaps (> 3 years old) based on the indicators and visible characters of the gap maker species for e.g. Whorl count method by studying the spacing in branch whorls of the tree growing in gap area also helped to tentatively identify gap age. for sapling analysis (n=100) and 2x2 m for seedlings analysis (n=125). Specimens of all plant species were collected and identified to species level. The species composition and density of regenerating saplings and seedlings were recorded from the gaps. Climatic and edaphic variables were assessed to study difference in micro environment of canopy gap and non gap areas. Climatic variables were air temperatures, relative humidity and light intensity. Edaphic variables were soil temperature, litter depth, soil moisture, water holding capacity, and pH. Climatic and edaphic category variables of gap and non gap were measured at the centre of the gaps and at three points of non gap within 5-10 m from the gap edge at 1200 hrs. Air temperature and relative humidity were measured at ground level using humidity temperature meter (Hucer Soil Hygrometer, Germany-412CTH). Light intensity (photon flux density) was measured at ground level using a lux meter (LX-CHY-332). Soil temperature was estimated by soil muti-thermometer, soil litter thickness was estimated by a hand held measuring scale, soil moisture content was estimated by gravimetric method, soil water holding capacity and soil pH was estimated by using century digital portable pH meter.
Data analysis
The descriptive statistical analysis was performed to give mean values for the microclimatic parameters of gaps and non gap areas. Kendall correlation coefficient was used to establish a relationship between recruitment of tree species (saplings and seedlings) and microclimatic variations of gap and non gap areas. Cluster analysis was applied to the species composition of regenerating tree species in gap and non gap areas. The Sorensen (Bray-Curtis) index and group average linkage method were used to calculate species groupings (MecCune & Mefford 1999). Density of the tree seedlings indicating regeneration in gaps and non gaps (understorey) was analysed using Cluster Analysis (CA) 
Results
Causes of gap formation, gap makers, and size and shapes of gaps and stand characteristics
Study area exhibits temperate climate having typical rainfall pattern with rainy season extending from May to September. At times the rainy season prolongs to 9 months in a year. Occasional off-season showers are common.Study area has temperature with a minimum of -2°C in winters (December) to a maximum of 30°C in summers (June).
Relative humidity of the area is high throughout the year.
A total of 30 gaps were identified and investigated in detail (Table 1 ). It was observed that gaps were created mainly due to branch fall, crown fall, standing dead trees and tree fall. Gap size varied from 48-589 m 2 . Majority of gaps were created during rainy season as compared to dry winter season, though snow fall and occasional hail storms were also are responsible for development of canopy gaps.
All canopy gaps were located at a slope except for 7 gaps which were located at almost flat surface. Small sized gaps (size <50 m 2 to >25 m 2 ) accounted for 3.33% of total gaps, medium sized gaps (size 50-100 m 2 ) 33.33%; large sized gaps (size 100-250 m 2 ) 33.33% and large sized gaps (size >250 m 2 ) accounted for 30% of total gaps. The shape of the gaps was not homogeneous. It varied from dumbbell to hexagonal, to elliptical, to multiangular.
Gap makers
Majority of gaps were formed due to single or multiple branch falls that accounted for 50% of the gap formation;
single tree fall accounted for 30% of the gap formation and multiple tree fall for 20% of the gap formation. Quercus leucotrichophora was the major gap creator tree species whereas, Lyonia ovalifolia, Neolitsea pallens, Abies pindrow, Quercus floribunda, Alnus nepalensis and Aesculus indica were other forest tree species that created gaps. The age of the gaps varied from 1 to >8-9 years. The microsite heterogeneity of the gap areas comprised of broken stumps and branches, wood debris, logs and snags, soil moulds etc. Downed wood/logs (76%) was more prevalent than the snags (24%) [that includes all gap makers standing dead (17%) and gap makers standing dead with their crown snapped (7%)] ( Table 1) . Also, the number of gap makers was very low in few gaps probably because some gap creators were dead and the organic matter rapidly covered the downed wood.
Microenvironment in gaps and nearby non gap areas
The light intensity in the gaps (range 535.56±74.77 -880±0 lux) was recorded significantly higher comparable to 
Tree regeneration in canopy gaps and understorey/non gaps
The total density of the twenty regenerating species in the gaps was observed 2277 seedling s ha -1 . Five tree species belonging to top canopy of the forest were found regenerating in the gaps. Cinnamomum tamala with a density contributed maximum to regeneration in the gaps. Quercus leucotrichophora as shade tolerant and a climax species found in the top layer of mixed broad leaved temperate forests recorded the highest regeneration with a density of 167 seedlings ha -1 . Eleven tree species belonging to middle canopy of the forest were found regenerating in the gaps.
Rhododendron arboreum, Neolitsea pallens, Carpinus viminea formed the constituent species. Three tree species of lower canopy layer viz. Cinnamomum tamala, Debregeasia salicifolia and Ficus nemoralis were also recorded from the gaps.
Understorey adjacent to each canopy gap area was also investigated for assessing tree species regeneration status.
Only four top canopy species were found regenerating in the understorey. Alnus nepalensis a top canopy and pioneer for broad leaved forests, with a sapling density of 160 individuals ha -1 and seedling density of 206 individuals ha -1 was observed regenerating profusely in understory adjacent to canopy gaps. Rhododendron arboreum, Neolitsea pallens, Betula alnoides formed the constituent species of ten major mid canopy species regenerating in understory areas.
Debregeasia salicifolia, C.tamala and Ficus nemoralis were lower canopy species found regenerating in the understorey.
About 17 tree species regenerating in canopy gaps and adjacent understorey areas were found common, whereas 6 tree species were exclusively found regenerating in gaps and 3 in adjacent understorey ( Table 3) .
Classification and ordination of gap and non gap area
The main matrix for CCA study was gaps and tree species present in these gaps and second matrix was gaps and recorded microclimatic variables in these gaps. Number of canonical axis are 3 and total variance ("inertia") in the 
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Sorenson (Bray-Curtis) and Group average ), air temperature (ºC), soil temperature (ºC), density of saplings and seedlings, light intensity (Lux), litter thickness (cm) and relative humidity (%) are the prime variables of segregation in regeneration pattern in non gap areas of adjacent understorey (Figure 3 ). In the analyses air temperature, light intensity, sapling density, seedling density and soil temperature showed strong positive correlation with second axis of CCA while, both relative humidity and litter thickness showed strong negative correlation with the first axis of CCA. In the analyses total basal area of trees showed strong negative correlation with the first axis of CCA. Air temperature was found positively correlated with the second axis of CCA. Light intensity was also negatively correlated with both first and second axis of CCA at (P≤0.1). The understorey of adjacent intact forest areas in close geographic proximity grouped together indicating that they shared a more similar species composition.
Discussion
Gap disturbance Patterns
In spite of the heterogeneity of responses, some patterns of the behavior of regeneration could be identified in the vegetation in response to the gap physical characteristics that results from the specific disturbance in the openings of these gaps. In the forests of the study area gaps are created by tree falls and death of standing trees due to insects, diseases (mainly in Quercus leucotricophora) and winds. Heavy rainfall predominant throughout the year along with heavy snowfall during winters is a major cause of gap formation in forests of the area. A single or multi-tree gap may initiate a new period of recruitment depending on the presence of seed or advance reproduction and the degree to which site resources are released . Even though, gap size class distribution in the study site was similar to those reported in other studies, the number of gaps per hectare and percent gap area was high compared to other studies . Canopy gap of small gap sizes are common in mixed broadleaved forests of the study area hence, gaps ≤ 25 m 2 were not considered for our study and such exclusions of small gaps is also recommended . It was also observed that gaps with more light intensity had substantially more species than in non gap mature forest sites. CCA analysis shows that in understorey areas air temperature, light intensity, density of sapling and seedlings and soil temperature have a cumulative effect on regeneration of tree species (Figure3). Litter depth is an important variable that controls tree species regeneration in understory areas of the forest. Survival of small seeds is intricate in increased litter depth on forest floor. The period and intensity of light received by a gap seems related not only to its size, but also to other characteristics, such as shape, exposition, terrain inclination, height of surrounding vegetation and surviving vegetation after tree fall. Thus, the increase in gap size also increases environmental heterogeneity in the interior of these gaps.
Gap colonization
The data on the tree regeneration in gaps and understorey areas showed that both areas exhibited high species diversity and density, though it differed from the species composition of the tree stratum. In the present study the juvenile composition also varied from stand to stand at different locations of the studied forest patches. The changes in species composition among the stands may be due to topography, altitude and edaphic factors. The higher species richness for sapling layer in the understorey areas could be attributed to the fact that many species exists in forest understorey in suppressed condition until favourable environment, which then helped them to grow to the canopy level.
Sorenson (Bray-Curtis) and Group average . Gaps in close geographic proximity grouped together indicating that they shared similar species composition.
Microclimatic variations
The difference in species composition between gaps and understorey may be attributed to micro-environmental variations at gaps and understorey. Most of the gaps encountered in the study area were not very big in size but 9 gaps were >250 m 2 of size. The understorey locations showed more litter depth, low soil temperature and higher moisture content. Soil temperature in gaps was more influenced by litter depth than by solar radiation, and no sudden air temperature change was recorded in gaps. The variations in microclimatic conditions between gaps and close-canopy will not be sharp if gaps were of small sizes, however, with increase in gap sizes the extreme values of microclimate may change markedly . There were clear differences in canopy gap dynamics and understorey light availability between the primary and regenerating forest stands. Differences in levels of light in large and medium sized gaps compared to forest understory allow the recruitment of light intolerant or less tolerant species. In small sized gaps change in the light environment was not sufficient to lead differences in species recruitment. Microclimatic variations due to presence or absence of tree canopy are important, to create changes in the regeneration structure of the forests.
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The influence of topography on soil and climate conditions promotes environment conditions are different enough to influence species performance and distribution. This explains the differences in temperature between gaps and non-gaps in the present study. Variations were observed in microclimatic parameters recorded from canopy gap and adjacent understorey areas of the study area though, at a very low level (r<0.2). The division of forest into gaps and the understorey of adjacent intact forest areas were not sharp though increasing gap size resulted in greater variation in microclimatic parameters. Seedlings of many shade tolerant species were found to have similar tendency to establish in gaps as well as close canopy forests. The data suggests that even in one forest, gaps has different regenerating species due to the influence of estimated microclimatic variations such as soil moisture, soil type, soil nutrients, temperature coupled with many non estimated variations such as exposure, insulation and wind. Light intensity was negatively correlated with both first and second axis of CCA this reflects that for canopy gaps light intensity was not a strong microclimatic variable. While, other studies have reported that, air temperature and light intensity were the dominant gradients underlying regional differences in the regenerating species composition and abundance among gaps (Latif and Blackburn 2010). CCA for canopy gaps reflected soil moisture as an important microclimatic variable that has influenced regeneration in canopy gaps. Regression models and ordinations may provide some insights into factors and variables that influence species abundance and composition in gaps. But these models and ordinations are majorly based on a limited suite of measurements that are correlative in nature. Much of our gap research was focused on impacts of gap formation on above ground processes, especially vegetation growth. Our knowledge of below ground responses remains weak. Future research focused on below ground processes, including biogeochemistry, microbial growth and composition and soil characteristics, would greatly further the overall understanding of gap dynamics and their impact on forest as a whole. In general, the unique microclimate of gaps-increased soil temperature, increased soil moisture and increased solar radiation-is known to influence nutrient cycling and microbial dynamics. However, more research is needed to truly understand how belowground processes are impacted by many gap characteristics including gap size, shape, age and cover type. The creation of gaps in the canopy results in a sudden increase in light, and the ability to take advantage of these sites is vital for the maintenance of light demanding species. The capacity to occupy these sites is related to the degree of plasticity displayed in response to changes in light (and also other resources such as nutrients and water, which are not mentioned). However, in natural gaps the advanced regeneration (seedlings established in the understorey before gap creation) dominates the re-growth, which consists mainly of non-pioneer species. In some cases the canopy opening is desirable in order to promote the regeneration of pioneers of commercial interest. With respect to tree species composition there is not much difference in canopy gaps and forest understorey. There is not a very expressive variation of tree species regenerating in canopy gaps and forest understorey of the study area. Most abundant and species-rich families of trees are more or less similar in gaps and understorey. Besides, the physical and structural gap characteristics analysed, others such as gap opening time, geographic orientation, micro-sites formed by litterfall, degradation of the surrounding vegetation and the presence of remaining shrubs and trees, must also influence the colonizing vegetation parameters.
Conclusions
Our results suggest that colonization via pre-established individuals can be the prominent strategy to colonize gaps, approximating community composition of gap and the understorey of adjacent intact forest areas as also observed elsewhere. The results of this study indicate that the relationship between the canopy gap characteristics and regeneration of tree species is very complex especially for moist temperate forests of Garhwal. As these forests are also source of subsistence life support and are also been source of many valuable medicinal and aromatic plants. Gaps do promote tree diversity, but mainly by increasing community-wide seedling establishment. Creation of gaps is an essential component for maintaining tree diversity of the forest stand in mixed broad leaved forests of Garhwal. This study has been a priliminary study from Watern Himalays hence it is, however, suggested that there is a further need to study survival pattern of the species in the gaps immediately after its formation so that the successional pattern of the forest could be analyzed and predicted. The comprehension of the factors that rule the gaps colonization is vital for the definition of strategies aiming at the maintenance of temperate forest fragments and restoration of areas already degraded.
